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Methods to Evaluate ETS 
Exposure 

• Married to a smoker 

• Questionnaire about exposure 

■ Measure airborne concentrations of 
ETS 

• Measure ETS chemicals or their 
metabolites in the body, e.g., saliva, 
urine, blood, hair 


Environmental Tobacco 
Smoke Is a Complex Mixture 

• Over 4,000 chemical compounds 

• In the gaseous, vapor and particulate 
phases 

• Over 40 carcinogens 
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Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 






The Use of Markers to 
Measure Exposure 

Especially useful for complex mixtures, 
where 

• The active agent may be unknown 

• The concentration of the active agent 
may be too low to measure 

• The cost to analyze the active agent 
may be too high for routine use 


Attributes of a Good Marker 

• Specific (or selective) to source 

• Proportional to the agent of interest 

• Similar emission rates for different brands 

• Major component of emissions 

• Easy to collect in field, esp. personal 
samples 

• Sensitive and inexpensive methods exist 
to collect and analyze samples 
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Possible Markers for ETS 


Particulate Matter 

* Nicotine 


UVPM 

• 3-Ethenyl pyridine 


FPM 

• Myosmine 

■if- 

Solanesol 

• Carbon monoxide 


Scopoletin 

• Nitrosamines 


Polonium-210 

• Tobacco specific 


Aromatic 

hydrocarbons 

nitrosamines 
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Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 






Correlation of Nicotine With 
Other Candidate Markers 


Marker 

Correlation Coefficient 


R J 

3-Ethenyl pyridine 

0.83 

p5" Myosmine 

0.88 

RSP 

0.25 

UVPM 

0.63 

1 _ 


LaWnd et aL Risk Anatvaia 19: 359,1899 






Correlation of UVPM With 
Other Particle Phase Markers 


Marker 

Correlation Coefficient 


a 2 

RSP 

0.46 

FPM 

0.96 

Scopoletin > 1 

0.73 

Solanesol 

0.84 


Laftnd et al Rlsk Analysis 19.3531999 
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Sensitivity of Markers for ETS 
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Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 







ACTIVE COLLECTION 
‘Filter treated with weak add 
‘Adsorbent (XAD resin or Tenax) 
‘Annular denuder with weak acid 
PASSIVE COLLECTION 
‘Filter treated with weak add 
•XAD resin 
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Filter cassette 


Support pad 

Sodium blsullM 
treated inter 




Passive Monitor lor Nicotine 
In the Air 
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Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 









Chamber Parameters During 
Smoking Experiments 


Ciga rette 
Brand 

Ventilation 
Rate, ACH 

g Tobacco 
consumed 

PM, ug/m 3 

A 

1.79 

19.72 

1261 

B 

1.31 

19.41 

1530 

C 

1.73 

19.97 

1473 

D 

1.79 

19.47 

953 


fsi tan 



Airborne [Nicotine] Among 9 
Brands of Cigarettes 


L 

Cigarette 

Nicotine yield, 
mg/cigarette 

Airborne Nicotine 
Concentration, ug/m 3 


A 

1.3 

104 

B 

1.1 

81 

C 

1.0 

104 

D 

0.8 

70 

E 

0.7 

85 

F. G, H 

0.4 

99, 107, 106 

1 

atferer *nd Mmmor 

0.1 

1.1991 

74 


Validation of a Questionnaire to 
Quantitatively Estimate ETS Exposure 

• Questionnaire administered to subjects 

• Subjects wore passive sampler for 1 week 

• Subjects kept dairy of ETS exposure for week 

• Questionnaire and diary scored 
independently and compared to log [nicotine] 

• r 2 = 0.98 (N = 33 in final test set) 


PM3003732338 

Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 
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Development of a Questionnaire to 
Quantitatively Estimate ETS Exposure 

Dav = 7 

ETS Score = £hsp* 

Day=l locations 


Where, ft = 3 hours exposed to ETS 
s = # of smokers 
p = proximity of smokers 

(p = 3 if within 2 feet, 2 if within 2-6 feet, and 1 if = 


6 foot) 


Correlation of Measured Weekly 
Exposure to Nicotine and Diary Score 



lOO 200 

Ctimulfiktivc ETS Score (Diarv> 
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Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 























Evaluation of a Questionnaire to Estimate 
Past ETS Exposure 

• Subjects from previous study contacted 7 
years later (N = 51) 

• Questionnaire for ETS exposure 7 years 
previously administered 

• Resulting ETS score compared to ETS score 
previously measured 



Distribution of ETS Exposures 

Among 22 North Carolina Children, 1988 
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Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 






















Concentrations of Nicotine, 
ug/m 3 , Found in Homes 



Study 

Average 

Range 


Hammond et ai.. 1989 

N = 13 

1.5 

0.3 -4.3 

Leaderer & Hammond. 1 991 

N = 47 

2 2 

0.1 - 9 

Marbury et al., 1993 

N-25 

5.8 

.01 -29 

Jenkins ©t al., 1996 

N = 306 

2 7 

LD -8.1 

Emmons et al., submitted, 

N =282 

3.3 

LD -8.8 


Distribution of ETS Exposures 
Personal Sampling for 1 Week 




Not Wfirrlod to Smofcar Married to Smoker 


lOOparsorial aamplM 
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Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 



















































Levels of ETS in Restaurants 
[Nicotine], ug/m3 


Study & # restaurants 

Average 

Range 

Thompson et ai, 1&99 

N =34 

GM; 3.5 

0.5-37 

C reuse SCe non, 1588 

N = 38 

(S3: 4.1 

IjO-38 

Oldster ota!., 1930 

N = 170 

6,1 

LD -24 

HHI, 1990 

N = 82 

75 

LD -84 

Oldster el ■!., 1991 

N = 40 

GH: 8.4 

LD -43 

Crouse & Oldster 1390 

N =21 

43 

0.3-24 


from Guerin «t *L, 1992, whtro N > 10 


[Nicotine], ug/m 3 

in Various Indoor Environments 

ENVIRONMENT 

RANGE 

Homes 

nd-30 

Offices 

0.1 - 35 

Pubs, coffee shops 

25-60 

Cafeterias 

10-40 

Airlines 

Nonsmoking section 

nd- 70 

Smoking section 

nd-100 
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Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 















































Ratio of Constituents of 

Tobacco Smoke, SS/MS 

CONSTITUENT 

SS/MS 

Particulate Matter 

1.5 

Nicotine 

2.0 

HCN 

0.2 

Ammonia 

60 

N-Nitroscdimethylamine 

100 

4-Amlnoblphenyl 

31 


CIGARETTE EQUIVALENTS 

Cigarette Equivalents a 

Amount from passive exposure 
Amount from smoking 1 cigarette 


Use of Marker to Calculate 

Mass of Agent Breathed by Passive Smoker 

Y = INIcJ x V x Y(ss) / Nic(ss) 

where, V = Mass of Y breathed 
by passive smoker 

V = Volume of air breathed 
= V x minutes exposed 

Y(ss) - mass Y emitted In 
SS per cigarette 

Nlc(ss) = mass nicotine emitted 
in SS per cigarette 
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Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 







Use of [Nicotine] to Calculate 
Cigarette Equivalents for an Agent 


Cigarette Equivalent 
= Y/Y(ms) 




Nic(ss) x Y(ms) 

where, Y(ms) = mass of Y emitted 
in mainstream of 
one cigarette 


Cigarette Equivalent Examples 

Nicotine and 4-Aminobiphenyl 

Assume art 8 hour exposure to to UBtoil nicotine 

V - 0.07S m3/mln x 8 hr x SO mln/hr = 3,B m3 


Clg.eq. = 


NIC cig.eq. ■ 


[Nlej x V x Y(bs) 

NIc( 8S) x Y(ms) 
(10ug/m3)(3.Bm3)(4 ,l40ug) 


Clg. Equlv. 


4ABPclg.eq. = 


(4,140ug)(1,S00ug) 

(10 ug/m3)(3.6m3)(143ng) 


(4,140ug)(i.4ng) 


Compound Specific Cigarette Equivalents 

Contaminant 

Risky 

90th Percentile 

Nonottice* Restaurant 1 Office* 

[nlc], ug/m3: 

2.3 

7.2 

10.5 

34 

Nicotine 

0.01 

O.os 

0.07 

022 

benzene 

0.05 

0.16 

023 

0.74 

HCN 

0.001 

0.002 

0.003 

0.009 

4-ABP 

0.22 

0.68 

1.0 

3.22 

N-NOMA 

0.74 

2.32 

3.38 

11 



PM3003732345 


Source: https://www.industrydocuments.ucsf.edu/docs/zgmj0001 
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